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Abstract 
A key aspect of the Lake Nyos incident was the exceptionally large quantity of CO2 that was abruptly released in the 
incident. The exact quantity is uncertain however there is a consensus view that it amounted to between 1.0 and 1.6 
million metric tons of CO2. In the context of CO2 sequestration this minimum amount of CO2 corresponds with 
approximately four months emissions from a 275 MW FutureGen type IGCC or over a month of CO2 captured from 
a large, but not atypical, 1000 MW coal fired power plant. This volume of CO2 is also equivalent to weeks or months 
of gas that would be transported in the largest pipelines contemplated for a future sequestration project.  Given the 
isolation valves that would be activated the CO2 released at Lake Nyos was 2 to 3 orders of magnitude larger than the 
largest release plausible from CO2 pipelines.  
Carbon monoxide poisoning utilizing automobile exhaust in an enclosed space for decades was a classic suicide 
strategy. Since the development of catalytic convertors the carbon monoxide has been in large part converted to 
carbon dioxide and a nominally non-lethal level of carbon monoxide. Unfortunately suicidal acts continued unabated 
due to the powerful effects of mixed CO2 and CO. Although the medical teams reported no definitive evidence of 
cause of death, they did note that many victims had prominent skin bullae (blister like features) or has succumbed to 
comas, and that neither of these prominent symptoms can be related to CO2. The US medical team concluded that 
After the Lake Nyos incident, evaluation 
of the symptoms documented in medical studies from the foreign scientific expeditions lead to a conclusion that the 
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Lake Nyos victims died from carbon monoxide poisoning. Although these assertions have been dismissed by 
geologists studying the Lake Nyos event, their reasoning appears flawed. A plausible model for the causative agents 
for the Nyos disaster was a combination of CO2 (quite possibly at non-lethal concentrations), reduced oxygen, and 
the critical deadly agent, CO. In the absence of carbon monoxide neither the gas in exhausts from catalytic convertor 
nor the gas at Lake Nyos, would be capable of killing. This together with the magnitude and circumstances of the 
release has significance for risks associated with CO2 transportation by pipeline. Mixed gases are known to be deadly 
at concentrations at significantly lower than the lethal levels of either component alone. Perhaps the real lesson of the 
Lake Nyos incident for carbon capture and storage is to draw attention to the inherent danger from mixtures of toxic 
gases. For example mixtures of H2S with CO2 will increase the toxic effects of H2S. The risk profile for a 
sequestration project changed a decision is made to inject mixed streams of gas such as CO2 + H2S rather than 
essentially pure CO2. A more useful analogy between natural CO2 seepage and the worst-case scenario for leakage 
from CO2 sequestered in deep brine reservoirs is provided by the volcanic/geothermal terrains in Italy, the Azores, 
and Africa.  In this paper the available information and analysis of the presumed CO2 releases at these sites and the 
related deaths are reviewed and the implications for evaluating the risk posed by either slow or rapid leakage from 
CO2 sequestration are considered.  
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1. Introduction 
Nyos event is not analogous to geologic CO2 sequestration. Benson et al. have suggested that the most 
relevant natural analogues for the risks associated with geologic sequestration over the long-term are the 
CO2 gas accumulations in New Mexico and the Colorado Plateau. Most experts in the risks associated 
with geologic sequestration of CO2 would agree with Benson et al in this statement. Despite assurances 
by experts as to the low risks of CO2 sequestration there have been a number of concerns expressed about 
human health and safety by the pr
those most vocal groups opposed to implementation of CO2 sequestration in deep brine reservoirs. Jane 
Williams, Executive Director of California Communities Against Toxics recently wrote in the context of 
caused by a large CO2 release from a lake occurred in 1986, in Cameroon, central Africa. A volcanic 
crater-lake known as Nyos belched bubbles of CO2 into the still night air and the gas settled around the 
Williams article was that similar disasters were possible if the planned CO2 sequestration project went 
ahead.  
Careful review of the scientific record suggests several reasons why that Lake Nyos is not an 
appropriate analogue for the risks associated with CO2 sequestration. One key issue that arose during a 
review of the health effects of CO2 exposure by the author is whether or not the symptoms of the Lake 
Nyos victims (and the very similar incident at another deep volcanic Lake in Cameroon called Lake 
Manoun) were caused by CO2 or by carbon monoxide (CO). Another key issue to consider is whether 
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another natural disaster resulting from CO2 similar to the Lake Nyos event could result from leakage of 
sequestered CO2 in deep subsurface brines.  
 
 
 
2. Nature of the Lake Nyos Disaster 
The three events that dominate the record for natural disasters believed to be caused by outbursts of 
CO2 are: Lake Nyos and Lake Manoun, Cameroon and the gas cloud emission at Dieng. There is now a 
scientific consensus that the gas outbursts at Lake Nyos and Lake Manoun were related to the rapid 
expulsion of a CO2 dominated gas from a chemically stratified lake. By far the largest catastrophic event 
attributed to CO2 occurred in August 21st, 1986 in a large village located by Lake Nyos. The CO2 
released during the incident has been estimated as between, between 1.2 and 1.6 million tonnes the 
release occurring in a time scale of a few hours or less.   
 
The observation that the layered sediments covering the bottom of the lake were undisturbed has 
undercut the idea that the event was caused by a phreatic explosive volcanism or injection of hot volcanic 
gases into the bottom of the lake. The preponderance of data is consistent with a model in which CO2 
near saturation in the lowest layer of a stratified lake is suddenly released. This has become known as the 
limnic eruption hypothesis. 
 
3. Epidemiology of the Lake Nyos Disaster 
 
Whatever the trigger, the Lake Nyos event killed 1,746 people and injured many, with 548 
hospitalized. All hospitalized patients were believed to have lost consciousness apparently for hours. The 
Lake Nyos area is remote with very limited access to medical facilities. As foreign scientists and medical 
personnel arrived until over a week after the incident no proper autopsies were done and limited 
information is available on the medical nature of the deaths (Yamamoto, et al. 1987; Wagner, et al. 1988; 
Baxter et al, 1989).  
Baxter et al (1989) recorded symptoms of those hospitalized as including 31% with coughing, 26% 
with headaches, and 19% with bullous and erythematous skin lesions (similar in appearance to burns) and 
documented by photographs. Very limited pathological and toxicological studies were done associated 
with autopsies on a few exhumed bodies. Although the autopsy findings reported as consistent with 
asphyxia, no definitive evidence was found as to cause of death. Had modern autopsies and toxicological 
studies been conducted in time pathologists may well have established the cause of death of the victims. 
Baxter et al (1989) did note that although the appearance and disposition of the corpses was not 
Baxter and Kaplin (1989a) noted that no reliable mortality rates are available for specific geographic 
areas impacted with the exception of Upper Nyos (located between the lake and the main village of Nyos) 
fifth of the of the impacted population were killed. Survivors reported that death occurred both indoors 
and outdoors and that both victims and survivors had been side by side when the incident occurred. 
-stained 
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hemorrhages. Baxter and Kaplin (1989a) recorded that skin lesions resembling burns were recorded in 
19% of the survivors overall and these were mostly redness of the skin. Unequivocal evidence of 
blistering or ulceration of the skin was present in 36 (7%) of 548 in-patients Baxter et al (1989) many of 
noted that the half-life of carboxyhaemoglobin in the blood is about four hours, and so negative results for 
 
 
4. Medical Explanations for the Deaths and Injuries at Lake Nyos 
As noted by Freeth (1990) the anecdotal evidence collected by the teams of foreign scientists is of 
limited validity in part because of ambiguous translations from the local language. The results of 
chemical analyses of the lake water were used to exclude many volatiles but not carbon dioxide as the 
toxic agent. The idea that death was caused by cloud of CO2 is an inference made mostly on the basis of 
gas chemistry of the lake chemistry, based on sampling studies after the event. The levels of CO2 
exposure and the composition of the gas cloud that the victims and the survivors were exposed to are not 
known. Several of the well documented symptoms displayed by survivors, particularly the burns and skin 
lesions, are not side effects of exposure to gaseous CO2 at the temperatures reasonable for lake-bottom 
conditions. Adiabatic cooling from lake-bottom pressures is insufficient to cool the CO2 sufficient to 
cause frostbite.  
It is clear that the most distinctive symptoms of survivors and victims from both the Nyos and Manoun 
events are not symptoms of CO2 toxicity. 
a letter to the Editor of the British Medical Journal suggested that although he accepted that a large scale 
release of carbon dioxide occurred at Lake Nyos, that the lethal gas may have been carbon monoxide. He 
carbon monoxide can cause coma, convulsions, and death; early skin necrosis over pressure points may 
th
dioxide alone seems unlikely to induce a coma deep enough to account for hypostatic blistering of the 
ski
t constrained by the preferred geologic model for the 
fu
present but other gases such as hydrogen sulphide, which is also lethal in low concentrations, are likely to 
 
Freeth (1989) resp
that samples of the gas from lake water from 120 m depth (collected in early September 1986) were found 
to contain carbon dioxide 99.6%, methane 0.4%, helium 2 ppm, hydrogen cyanide <10 ppm, carbon 
monoxide <5 ppm, sulphur dioxide <0 5 ppm, and hydrogen sulphide <0-2 ppm. However these samples 
were taken after the major physical disruption of the lake waters that must have accompanied the incident. 
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Measurement of profiles through the water column show there are significant oxygen concentrations in 
the lake that would likely prevent development of significant CO concentrations.  
 
Carbon monoxide poisoning utilizing automobile exhaust in an enclosed space for decades was a 
classic suicide strategy. Since the development of catalytic convertors the carbon monoxide has been in 
large part converted to carbon dioxide and a nominally non-lethal level of carbon monoxide. 
Unfortunately suicidal acts continued unabated due to the powerful effects of mixed CO2 and CO. 
Although the medical teams reported no definitive evidence of cause of death, they did note that many 
victims had prominent skin bullae (blister like features) or has succumbed to comas, and that neither of 
After the Lake Nyos incident, evaluation of 
the symptoms documented in medical studies from the foreign scientific expeditions lead to a conclusion 
that the Lake Nyos victims died from carbon monoxide poisoning. Although these assertions have been 
dismissed by geologists studying the Lake Nyos event, their reasoning appears flawed. A plausible model 
for the causative agents for the Nyos disaster was a combination of CO2 (quite possibly at non-lethal 
concentrations), reduced oxygen, and the critical deadly agent, CO. In the absence of carbon monoxide 
neither the gas in exhausts from catalytic convertor nor the gas at Lake Nyos, would be capable of killing. 
This together with the magnitude and circumstances of the release has significance for risks associated 
with CO2 transportation by pipeline. Mixed gases are known to be deadly at concentrations at 
significantly lower than the lethal levels of either component alone. Perhaps the real lesson of the Lake 
Nyos incident for carbon capture and storage is to draw attention to the inherent danger from mixtures of 
toxic gases. For example mixtures of H2S with CO2 will increase the toxic effects of H2S. The risk 
profile for a sequestration project changed a decision is made to inject mixed streams of gas such as CO2 
+ H2S rather than essentially pure CO2. 
 
5. Discussion and Conclusions 
 
1986, an estimated 100 000 tons of carbon dioxide were released from a volcanic lake near Lake Nyos, 
Cameroon. The carbon dioxide spread over a 15-mile radius from the lake and led to carbon dioxide 
this event was equivalent to approximately 1 week of carbon dioxide emissions from a single coal-fired 
 
Assuming that the causative agent for the Nyos disaster was a combination of CO2 (possibly at non-
lethal concentrations), reduced oxygen, and CO as noted earlier in this paper this can form a deadly 
mixture at levels significantly lower than the lethal levels of either component on its own. Perhaps the 
real lesson of the Lake Nyos incident for carbon capture and storage is to draw attention to the inherent 
danger from mixtures of toxic gases. For example mixtures of H2S with CO2 will increase the toxic 
effects of H2S. Wilson et al (2007) noted that the risk profile for a sequestration project changed a 
decision is made to inject mixed streams of gas such as CO2 + H2S rather than essentially pure CO2. 
They further noted that capture costs for such mixed streams could be less than for relatively pure CO2.  
What is the likelihood that CO2 sequestration brine storage sites will be located in an area that has that 
could create the physical conditions necessary to have a Lake Nyos type disaster? A review of the 
limnology literature suggests that deep, stratified lakes similar to Lake Nyos both exceptionally rare and 
readily identifiable. Most lakes overturn on an annual basis. Overturning disrupts physical (density) 
layering in the lake and tends to mix the different water chemistries that evolve in stratified lakes. 
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The only reasonable conclusion from the evidence is that there is essentially no reasonable possibility 
that sequestered CO2 could accumulate in a lake with equivalent properties to Lake Nyos. This paper has 
also argued that there is no credible mechanism for creating a CO2 release in any way similar to the Lake 
Nyos other than trapping in a deep, stratified lake. The current study has also suggested that the Lake 
Nyos disaster was most likely caused by a mixed gas cloud with CO2 and a relatively small but highly 
dangerous concentration of CO. 
 
Lake Nyos has a number of very unusual features shared by a exceptionally few lakes in the world. 
The lake is relatively deep, characterized by a strongly stratification with layers that remain separate on a 
time scale of decades or more. The base of Lake Nyos is feed by dense CO2 rich spring water that ponds 
in the lowest stratified layers of the lake. Lake Nyos is surrounded on two sides by high crater walls with 
leading into a populated valley. This valley kept the CO2 cloud confined. Thus the topography around 
Lake Nyos undoubtedly played a key role in creating the disaster by channeling the CO2-rich gas cloud 
and minimizing its dispersion. All other things being the same, in the absence of this topographic 
channeling effect it is unlikely a disaster of the observed magnitude would have occurred at Lake Nyos.  
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